Introduction
Dual perfusion of the isolated lobule of the human placenta is increasingly used for transport and metabolic studies: the method is relatively simple because only a portion of the large organ is used [24] . Assessment of the biological function of the^preparation is most important for the trophqblast is known to have a high oxygen consumption [6] a high glucose utilization rate [23] and a high protein turnover rate in vivo [35] and might be expected to deteriorate quickly, suffering ischemic injury both during collection, and as a consequence of subsequent inadequate perfusion. CARROLL and YOUNG [7] showed that tissue ATP values fall swiftly during ischemia, being halved in one minute in the guinea pig placenta, and BLOXAM and BOBINSKI (4] had similar findings for ATP, ATP/ADP ratios and energy charge in the human placenta after delivery. In contrast, PENFOLD et al. [22] , SIMMONDS et al. [28] and ILLSLEY et al. [17] found little deterioration of the energy charge during 30 minutes after delivery and consider the human placenta a robust organ which does not deteriorate quickly. These investigators also considered that the tissue of the lobule dually perfused with oxygenated Krebs-Ringer solution, was stable for two to three hours, using the criteria of energy charge and oxygen and glucose consumption; further they observed little change in ultrastructure during this procedure [16] . CONTRACTOR et al. [8] found cell swelling and vacuolation of the trophoblast after only one hour's open circuit perfusion with Earl's solution containing dextran, but little change in ultrastructure after two hours closed circuit perfusion using autologous fetal blood in the medium, confirming the beneficial effect of perfusing with blood, observed earlier by PANIGEL [21) .
A third indicator of viability during perfusion, namely, mixed protein synthetic rate of the tissue has also been used by CARROLL and YOUNG [7] and YOUNG and SCHNEIDER [34] .
Both perfused the intervillous space only, to minimize the delay in supplying the tissue with oxygen and nutrients after delivery; the latter oxygenated their medium in the usual way with 95% O 2 and 5% CO 2 whilst the former provided a more abundant supply with oxygenated red cells. Both groups found a lower turnover rate than is observed 'in vivo' in the pregnant ewe [36] . PALMER et al. [20) find that 'in vitro' techniques for protein turnover rate in skeletal muscle, give values which are one fifth those given by 'in vivo' methods, highlighting the difficulty in assuring the correct environment in isolated perfused tissues [12] .
In this paper our preliminary observations are presented in full and extended to report the influence of the precursors of ATP, adenosine and inosine, on the energy and redox state of the human placenta and of its protein synthetic rate.
Biological materials, methods and protocols

Guinea-pig-and-sheep placentas
Guinea-pig placentas were studied in does, 55 -62 days' pregnant (Duncan Hartley strain). The effect of ischemia was observed following cervical dislocation when the placentas were quickly sampled through a laparotomy and hysterotomy at approximately 15 second intervals for 2 minutes. The influence of nembutal anesthesia, 25 -30 mg/Kg, was also studied in the same way; samples were taken at less frequent intervals, approximately 20 -30 minutes for 1^ hours with as little disturbance as possible of the remaining fetuses and their placental circulations. 3 -6 placentas were taken from each animal. ATP and lactate concentrations were also measured in the cotyledons of sheep placentas sampled from pregnant Welsh mountain ewes at 135 -145 days' gestation, under Chloralose, (10 mg/Kg) or Nembutal 10-20 mg/Kg anesthesia. The influence of ischemia was investigated by excising cotyledons and leaving them at room remperature when samples were taken approximately every 15 seconds for 2 minutes.
Human placental lobule
In order to measure the deterioration in the metabolite levels in the human placenta after delivery, the whole organ was placed on a plastic sheet on crushed ice within 1-3 minutes of delivery and samples taken at intervals during one and a half hours.
The influence of perfusion for one hour was measured in lobules in which only the maternal intervillous space was perfused [36] ; adjacent non-perfused samples were also taken at this time to measure the extent of the deterioration which occurs at 37 °C. The whole placenta, kept on crushed ice as before, was examined on the maternal surface for a discrete lobule. This was fitted, maternal side up, onto a plastic ring carrying six sturdy pins to pierce the tissue, and then cut away from the body of the placenta. The ring was fixed onto a plastic chamber (6 cm diamter, 4cm high and approximately 120 ml volume) and a second chamber of the same size was secured on top with wing nuts. The double chamber was placed, slightly tilted, in a saline bath at 37°C, which served both to keep the tissue at a constant temperature and warm the perfused fluid in a coil; the latter was delivered from a stirred flask by a pulsatile pump at a rate of 0.5 -1.0 ml/min/g. The perfusion was started by piercing the lobule centrally with pplOO tubing: this arterial inflow filled the intervillous space and expanded the basal plate; the venous outflow which emerged from the base of the lobule, was withdrawn continuously by a pulsatile pump from a small hole in the bottom of the chamber. This procedure was usually complete 10 -15 minutes after delivery; the lobule was perfused for 60 minutes.
The perfusion fluid contained electrolyte concentrations, as in Kreb's solution, 100 mg% glucose, and 6.5% dextran (M.W. 40,000). Amino acids were added in concentrations equivalent to that found in human maternal plasma [33] and in some experiments with fetal plasma levels. ATP substrates were added in some experiments in an attempt to restore the depleted concentration resulting from the labor and the time taken to initiate the perfusion: adenosine, 1.0 -50 μΜ and inosine, 1.5 mM, were used. Human red cells were always present in the perfusion fluid (final PCV 20-25%). Heparinized blood from the polycythaemic clinic was stored overnight at 4 °C and the separated red cells were drained from the bottom of the plastic bag into the Kreb's mixture in a 2 litre conical flask. Physiological pOi levels were maintained by equilibration with 14% Ch and 5% CCh in Ni. Before the experiment the flask was used as a tonometer and rotated gently on its side so that a layer of blood was exposed to the gas. During the perfusion the red cells were kept in suspension with a magnetic stirrer, whilst a flow of the gas mixture was mantained in the space above.
The mixed protein synthetic rate was determined in the perfused lobule using the method of SENDER and GARLICK [26] . The rate of uptake of a labelled amino acid was measured using U-C-L-lysine in the perfusion fluid; this lysine was added to the perfusate at a concentration of 0.05 Ci/ml to ensure sufficient counts in the placental protein for specific activity measurements. After an initial 20 minute perfusion period the label was added to the perfusate for a further 40 minutes; some lobular tissue was then freeze-clamped and extracted in 0.6 Μ perchloric acid.
The initial treatment of the tissue for the protein synthetic rate estimations was the same as described for tissue metabolites but, after centrifuging, both the supernatant and protein pellets were retained for lysine assay and 14 C lysine measurement. The protein pellet was washed three times in perchloric acid and five times in acetone, and the dried powder hydrolyzed in Aristar hydrochloric acid at 120°C for 24 hours; the hydrolysate was evaporated to dryness and taken up in 0.09 Μ hydrochloric acid and neutralized with 1.0 Μ potassium hydroxide. The supernatants were also neutralized and the lysine concentration in both protein hydrolysate and supernatant assayed by the method of NAKATANI, FUJIOKA and HIGASHINO [19] ; the lysine is decarboxylated to cadaverine which is measured as a colored compound bound with dinitrofluoro-benzene. The specific activities of the 14 C sysine were determined using a modification of the method described by HUTZLER, ODIEVRE and DANCIS [15] ; lysine is again decarboxylated to cadaverine and the 14 C liberated, trapped on filter paper wicks soaked in Soluene (Packard Chemical Co), in sealed 25 ml pyrex conical flasks. The wicks were transferred to 10 ml Omnifluor (New England Nuclear) for 14 C counting in an Intertechnique SL 40 liquid scintillation spectrometer. Lysine decarboxylase was obtained from Sigma Chemical Co. (Poole, Dorset, UK).
Biochemical methods
Perfusate pH and blood gas estimations were made using an 1L 413 analyzer.
The tissue samples were freeze-clamped with aluminium tongs cooled to the temperature of liquid nitrogen [30, 31] . 1-2 g tissue was pulverized to a fine powder under liquid nitrogen, dispersed in three volumes of 0.6 M perchloric acid ? and homogenized with a Silverson emulsifier on ice. After centrifuging and neutralizing the supernatant perchloric acid soluble extracts were analyzed for ATP, ADP, AMP, lactate and pyruvate by enzymic methods using the NADH «± NAD reaction [3] using Boehringer kits (BCL, Lewes, East Sussex).
Results
The influence of nembutal and ischemia on placental metabolite concentrations
The results are shown in figures 1 A and B, 2 A and Β and table I. The ATP and lactate concentrations in guinea pig placental tissue, taken immediately after nembutal anesthesia in the mother, were 1.16 ± 0.05 and 3.59 ± 0.27 S.E.M. mmol Kg" One hour's perfusion reduced the lactate level to 3.35 + 0.40 mmol Kg-1 wet weight (n = 10), whilst in the adjacent non-perfused portion, the level had risen to 10.70 ± 1.34 mmol Kg-1 wet weight (Figure 2 B) . Inspection of the individual washout profiles showed that the lactate which had accumulated during the ischemic period whilst the preparation was set up, was removed during the first 10-15 minutes of perfusion; thereafter, the lactate production rate became constant at 0.38 ± 0.04 mmol Kg-1 min" 1 (n = 10).
Protein synthetic rate was calculated from the specific activity of the protein bound lysine (S B ) and the specific activity of the free intracellular pool (Si) according to the equation of SENDER and GARLICK [26] : Table I shows that with 1.0 μΜ adenosine in the perfusion medium the level of ATP in the placental tissue was 0.84 (+ 0.1) mmol Kg" 1 at the end of the perfusion significantly higher than the value at delivery (p < 0.001); but no difference in energy charge was observed: lactate and lactate/pyruvate ratio were not changed either, and the protein synthetic rate was 18 + 4% day" 1 . Increasing the concentration of adenosine to 50 μΜ in the perfusate had no further influence on either the energy or redox state of the tissue nor its mixed protein synthetic rate, 22 + 1% day"
1 . The addition of 1.5 mM inosine to the perfusion medium did not alter the energy state, but caused a marked fall to 1.61 (± 0.12) mmol Kg" 1 wet weight lactate and a reduction in the lactate/pyruvate ratio to 12.2 (+ 2.1) (table I). Lactate production rate fell to 0.13 (± 0.04) mmol min-1 Kg-1 (n = 4, p = < 0.05).
Discussion
The value of about 1.0 mmol Kg" 1 wet weight ATP observed in the placental tissue from newly anesthetized or sacrificed animals is comparable with that found in the rat liver and kidney [13, 25] when account is taken of the large volume of blood in placental tissue, 60% [5, 10] . Ischemia had an immediate effect in reducing the concentration of ATP in these placentas, as in the liver and kidney; the lower values 0.52 mmol Kg" 1 obtained in the human placenta 30 seconds to 3 minutes after delivery indicated that the energy state had already been impaired by this time. BLOXAM and BABINSKI [4] found levels of ATP which were similar after vaginal deliveries and a little higher at cesarean section; their findings of a subsequent swift decline during ischemia are in agreement with our observations in animal placental tissue. The low value of 0.2 mmol Kg" 1 wet weight maintained from 10 minutes onwards was found earlier by HOOVER and BARTHOLOMEW [14] and HAYASHI [11] who did not freeze clamp the tissue quickly, within seconds of delivery, to prevent metabolic changes continuing during its handling. Perfusion of the placenta without adenylate precursors in the fluid partially restored the ATP concentrations, while a further but not complete, elevation could be obtained by immediate injection of the lobule to be perfused with cooled perfusion medium containing 1.0 μΜ adenosine and maintaining this concentration during the perfusion period; any further increase in adenosine concentration provided no further protection against ATP degradation.
No protection was achieved using inosine, which is known to be beneficial in the ischemic kidney [9] . The initial energy charge in both animal and human placentas was similar to that observed by PENFOLD et al. [22] and did not change markedly during ischemia as the latter observed. The use of the ATKINSON [1] equation for calculating energy charge may not be applicable to the placenta for the AMP concentration did not rise to the same extent as has been found in rat liver and kidney [13] and in brain [3] . This was also found by YOUNG and SCHNEIDER [34] and may be explained by the particular pattern of adenosine metabolism in the placenta. SIM and MAGUIRE [27] found a high 5' nucleotidase and adenylate kinase activity in the human organ but no adenylate deaminase activity and suggested that AMP degradation could only follow one route, namely, to adenosine; subsequently BARRADOS et al. [2] reported that human placental tissue could degrade ADP to adenosine without AMP accumulation. In the present study the most significant change in placental metabolite was the swift fall in ATP concentration and this would seem to be the most sensitive indication of deterioration in energy status as suggested by YOUNG and SCHNEIDER [34] .
The fall in energy status was accompanied by the expected deterioration in cytosol redox state and a rise in tissue lactate concentration during ischemia. Perfusion lowered the tissue levels of lactate and restored the redox state of the cytosol to in vivo levels. Lactate production was lower than that observed by SCHNEIDER et al. [23] and YOUNG and SCHNEIDER [34] and may be due to the perfusion of a more discrete area of tissue; WOODS and KREBS [32] found that inadequate perfusion of rat liver in vitro resulted in increased lactate production rates. Tissue lactate levels and production were reduced when the placental perfusion medium contained inosine and STRUMIA and STRUMIA [29] have reported that inosine inhibits glycolysis in red blood cells.
It was considered that the measurement of mixed protein synthetic rate might be a good index of biochemical integrity as it is an overall measure of both structure and function in an organ. Using the specific activity of the intracellular free pool as the precursor in the calculation, a turnover rate of 40% day" 1 was found, two thirds of that observed in the sheep using the same precursor pool [35] . The addition of adenosine to the perfusion fluid apparently reduced the turnover rate to 20% in spite of the higher ATP level but this may be an artifact due to the higher specific activity found in the precursor pool for these placentas were perfused with amino acids of lower concentration, equal to that found in maternal plasma. However, this value is about twice that observed by YOUNG and SCHNEIDER [34] and indicates that the extra oxygen supplied by the red cells was beneficial. A further benefit of using red cells may also be attributed to the small amount of human plasma proteins added with them which will help maintain the integrity of the cell membrane of the tissue [18] and its permeability.
Summary
The energy and redox states of placentas in newly anesthetized or sacrificed guinea pigs and sheep were compared with that of human placentas immediately after delivery. Subsequently the effect of ischemia was observed in both human and animal placentas. The influence of perfusion, using a fluid containing oxygenated red cells (adult human) was studied in the human placenta. Adenine nucleotide precursors were added to the perfusion fluid in an attempt to improve the energy and redox states and the mixed protein synthetic rate of the tissue.
The ATP and lactate concentrations in guine a pig placental tissue taken immediately after nembutal anesthesia were 1.16 and 3.59 mmol kg" 1 wet weight respectively. One minute's ischemia caused a fall in ATP to 0.7 and a rise in lactate to 6.5 mmol kg"
1 . The concentration of ATP in human placental tissue, 30 sees to 3 minutes after delivery of the organ, was 0.52 and of lactate 4.8 mmol kg" 1 wet weight, suggesting that some biochemical deterioration had already occurred. A further fall in ATP to 0.21 and rise in lactate to 6.4 mmol kg~! wet weight took place during 20 mins of ischemia; thereafter the ATP level remained constant while the lactate continued to rise to 11 mmol kg" 1 wet weight by 11/2 hours. The initial energy charge was similar in both animal and human placentas, 0.8-0.9, and was only reduced during prolonged hypoxia at 37°C. Since the AMP did not rise to the same extent as in other tissues, it is suggested that the ATKINSON equation used in the calculation of energy charge may not be applicable to the placenta, and that the most sensitive indication of deterioration in energy status is the swift fall in ATP concentration.
Rapid establishment of maternal intervillous perfusion of an isolated lobule of the human placenta using ixygenated RBCS in the perfusion fluid, enabled the ATP and lactate levels to be maintained near to 'in vivo' values during one hour, with a protein turnover rate of 40% day" 1 , two thirds ofthat observed 'in vivo' in the sheep. The addition of 1.0 -50 adenosine to the perfusion fluid improved the energy state of the tissue, but not its redox state nor protein synthetic rate. 1.5 inosine in the perfusion medium did not alter the energy state but caused a marked reduction in lactate production. 37°C. Puisque ΓΑ.Μ.Ρ. ne s'eleve pas de la meme facon que dans les autres tissus, les auteurs suggerent que 1'equation d'ATKiNSON, utilisee pour le calcul de la charge energetique, n'est pas applicable au placenta et que 1'indice le plus sensible de la deterioration de I'equilibre energetique est la chute rapide de la concentration d'A. T. P. La mise en place rapide d'une perfusion intervilleuse maternelle au niveau du lobule isole d'un placenta humain, en utilisant dans le liquide de perfusion du R.B.C.S. oxygene, est capable de maintenir les taux d'A. T. P. et de lactate pendant une heure, proches des taux trouves in vivo, avec un taux de turn over proteique de 40% par jour, ce qui correspond au 2/3 de ce qu'on observe in vivo chez la brebis. Si Γόη ajoute au liquide de perfusion 1,0 -50 μΜ d'Adenosine, on augmente l'equilibre energetique du tissu, mais pas son equilibre redox ni son taux de synthese proteique. L'apport dans la perfusion de 1,5 μΜ d'Inosine n'altere pas l'equilibre energetique mais entraine une diminution importante de la production de lactates.
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